Abstract. Peritoneal biopsies (PB) and peritoneal washing (PW) are routine measures in abdominal staging of gynecological malignancies and are used particularly for the assessment of occult microscopic tumor spread to the peritoneal surface including the diaphragm. Cytological diaphragmatic smears (DS) have been suggested as a supplemental tool; however, they are not routinely taken and their usefulness is still unclear. The present study retrospectively evaluated whether DS provide an additional benefit over PB and PW for the detection of peritoneal malignancies in patients with gynecological cancer. The data from patients who underwent laparotomy for suspected gynecological cancer and had DS and either PB, PW or ascites were reviewed. Sensitivity and specificity, and the number upstaged patients were determined. A total of 43 patients were excluded due to benign diagnosis (those with negative DS or PW) and 2 out of the remaining had 2 carcinomas simultaneously. Among these 41 malignancies, DS were positive in 12, PW in 18 and PB in 19 cases. No case was DS-positive while negative for both PB and PW. Four cases were missed when only PB and 5 when only PW was performed. Notably, no case of peritoneal disease was identified solely on positive DS, indicating that all 23 positive cases (presence of occult peritoneal disease in 56.1%) were identified by PB and PW together (100% sensitivity; 62% specificity). In addition, none of the cases was upstaged solely on positive DS results. Taken together, these data demonstrated that DS do not present an additional benefit to PW and PB in the detection of peritoneal gynecological disease.
Introduction
Surgical staging is an important and critical value to determine the presence of occult disease, the prognosis, and the need for adjuvant chemotherapy in gynecological cancers. In early ovarian cancer (FIGO I/II) proper surgical staging lead to upstaging in one third to one half of these patients (1, 2) and is considered as an independent prognostic factor for survival (3, 4) . In contrast, in more advanced disease (FIGO stage III/IV), where 75% of patients affected with ovarian cancer present at the time of diagnosis (5, 6) , cytoreductive surgery is of greater value because the most significant postoperative factor for prognosis is the residual tumor (7) .
Today routine measures in abdominal staging of gynecological malignancies include hysterectomy and bilateral salpingo-oophorectomy (if no fertility preservation required), peritoneal washing (PW), peritoneal biopsies (PB), omentum biopsies or omentectomy and lymphonodectomie. PW and PB (including omental biopsies) are routinely employed to assess microscopic tumor spread to the peritoneal surface including the diaphragm.
Intraoperative PW cytology was introduced in 1956 by Keetle and Elkin (8) . For ovarian cancer the PW results were included in the FIGO classification system in 1975, and consequently, normal cytologic findings resulted in a significantly increased overall survival regardless of other factors (9) . For endometrial cancer, however, the role of PW cytology remained controversy and led to the exclusion of PW cytology in the revised FIGO staging system of 2009: Some studies suggested a prognostic value while others did not (10, 11) .
Peritoneal smears (PS) and specifically diaphragmatic smears (DS) have been introduced on the basis that the area of examination is larger and this technique thus more sensitive. PS showed sensitivities similar to those of PW but a better specimen quality in one ovarian cancer study (12) but superior to those of PB (97 vs. 59%) in another (13) . On the other hand, DS showed limited reliability: 15% were unsatisfactory due to too little cellular material or to air-drying artifact, and only 3 of 142 smears were positive for malignant cells (14) . Although in ovarian cancer the diaphragm is the third most affected organ of occult disease after the peritoneum and the colon (15) , PS and in particular DS are not commonly recommended and routinely taken. However, some studies favor a cytology via scrape or diaphragmatic wash, or even blind biopsies even in absence of an obvious macroscopic diaphragmatic disease (16) (17) (18) , and the National Comprehensive Cancer Network (NCCN) Guidelines for surgical treatment of ovarian cancer suggest blind diaphragmatic biopsies or, alternatively, scraping (19) .
Upstaging can occur as a result of presence of occult microscopic disease spread and impacts the treatment and accuracy of risk profile and prognosis (3, 20, 21) , in ovarian and endometrial cancer patients. Owing the lack of respective data, we retrospectively addressed the question as to whether DS provide an additional diagnostic benefit over PW and PB and necessitates upstaging. Sample collection and preparation. Sample collection and preparation was performed the same way for all patients. Upon entering the peritoneal cavity, ascites was aspired. In absence of ascites PW were collected prior to the smears or biopsies by instilling approximately 100-500 ml of warmed-up isotonic saline in the Douglas and paracolic spaces and washing it around. Ascites and PW were collectively referred to as PW and were centrifuged and smears were made in a timely matter at the Department of Pathology, University Hospital Basel.
Materials and methods

Study
The DS were always collected by the same surgeon (RZD) using a cervical cytobrush. DS were taken from both the left and right diaphragm, were immediately preserved in a BD SurePath™ vial, and processed by BD PrepStain™ (Becton Dickinson AG, Allschwil, Switzerland) according to the manufacturer's protocol. DS and PW smears were stained using the Papanicolaou method.
PB were usually taken in the upper and lower left and right quadrant, in some cases in the pelvis or Douglas or in the most suspicious areas. PB were fixed in formalin, imbedded into paraffin, and stained with hematoxylin/eosin.
Specimen assessment. All cytological specimens were assessed by two gynecological pathologists at the University Hospital Basel. PB results were considered positive, when at least 1 sample was positive. Positive omental biopsies were also counted PB-positive. DS results were considered positive when at least one out of two samples was positive. Results were negative when DS or PB samples were negative. Sensitivity and specificity were calculated for the comparison of DS vs. PB and PW together (defined as 'gold standard' or reference for evidence of presence of peritoneal disease) to determine the diagnostic value of the measures.
Results
Patient cohort: Histology and baseline characteristics.
A total of 43 patients from whom DS had been taken in order to evaluate occult gynecological disease have been identified in our database between June 2009 and April 2015. Of these, 4 (9.3%) presented with benign findings (3 cystadenomas of the ovary, 1 uterine leiomyoma) and hence were excluded from the study. The remaining 39 patients presented with 41 malignancies: 2 patients had two tumors simultaneously and their results hence counted twice in all calculations (unless a differentiation was made between the two cancers). The 41 malignancies comprised 27 (65.8%) ovarian cancers, 10 (24.4%) endometrial cancers, 2 (4.9%) primary peritoneal cancers, and 2 (4.9%) 'other' cancers ( Table I ). The two patients with two simultaneous tumors presented with endometrial and ovarian cancers. The two 'other' cancers were an endometrioid adenocarcinoma of the vaginal stump and a peritoneal cancer originated from the pancreas and both ovaries. The recorded cytological data include cases of ovarian, peritoneal and endometrial cancers. There is no case of cervical cancer, because the cytology is not part of the standard staging procedure. Table I lists the histological subtypes of these cancers.
The baseline characteristics of the patients (mean age and range, Ca-125) and the malignancies (residual disease, nodal status, grading, and International Federation of Gynecology and Obstetrics (FIGO) classification details) are summarized in Table II Relationship between the cytological/histopathological results and the FIGO stage. We assigned the cytological/histopathological results (positive or negative findings) for each of the three diagnostic measures (DS, PW/ascites, and PB) to the respective FIGO stages for all 41 malignancies (Fig. 1A) and for each cancer (ovarian, endometrial, peritoneal, and 'other') separately (Fig. 1B) . The following data were obtained and presented in more detail for each of the three diagnostic measures.
PW/ascites: Either PW cytology or ascites cytology (collectively referred to as PW) was available in 40 of 41 cases, whereof 18 (45%) were positive, i.e., contained malignant cells in the abdominal fluid either through positive PW (8/28) or through positive ascites (10/12). Three of these 18 positive cases (16.7%) were FIGO I/II and 13 (72.2%) were FIGO III/IV. The majority (14/18; 77.8%) were ovarian cancers, 2 were endometrial cancer, and 2 peritoneal cancers.
PB: PB were available in 40 cases, where of 19 (47.5%) were positive and were, apart from one unknown case, FIGO III/IV. Four cases were solely positive through positive omentum biopsies. All 21 negative cases were negative through at least 2 PB except for 2 cases, in which only the omentum was biopsied and negative. Positive cases subdivided into 14 ovarian (73.7%), 1 peritoneal (5.3%), and 4 (21%) other cancers.
DS: DS from all 41 cases were available, taken from each the left and the right hemidiaphragm (82 DS samples in total). Positive DS were found in 12 cases (10 ovarian cancers, 1 peritoneal, and 1 'other'): 10 cases with positivity on either side of the diaphragm and 2 cases with positivity only on one side. Nine of the 12 (75%) positive cases were FIGO III/IV, whereof 6 cases had positive ascites cytology. One case with positive DS was FIGO II (serous ovarian borderline tumor) and 2 positive cases were of unknown FIGO stage. One out of the 29 negative cases was negative owing unsatisfactory amount of material. Interestingly, in 3 cases the diaphragm was clinically involved: 2 showed positive and 1 negative DS. The latter was obviously a false negative case, because the right diaphragm was highly suspicious and the removed adjacent peritoneum was histologically positive. She was a patient with primary debulking by advanced endometrial cancer (FIGO IIIB). In that same case the rest of PB and PW was positive.
Detection of peritoneal disease by PB, PW, and DS. Our data show that among the 41 peritoneal diseases 19 were identified by PB, 18 by PW, and 12 by DS. In order to evaluate whether taking DS in addition to PW and PB is of any benefit in identifying peritoneal disease, i.e., identifies occult diseases not detected by PW and PB, a Venn diagram was calculated (Fig. 2) . This diagram presents the number of positive findings for each intersection of the three diagnostic measures DS, PB, and PW. This is to determine which measure alone or combination of measures identifies the presence of peritoneal disease and in particular whether one specific measure such as DS identifies a disease that is missed by either one or the other or both other measures. The Venn diagram again displays the positive results for DS (12, red circle), PB (18, blue circle), and PW (19, green circle). The most important finding is that no single case of peritoneal disease was identified solely based on positive DS result (red shaded area), i.e., when both PB and PW were negative. In addition, 9 PB-positive and 7 PW-positive cases were DS-negative (5 of these DS-negative cases are both PB-and PW-positive), 9 cases were positive for all three measures, 2 DS-positive cases were also PW-positive but PB-negative, and 1 DS-positive cases was PW-negative but PB-positive. Interestingly, 4 (2+2) positive cases (17.4%) were missed based solely on positive PB results and 5 (1+4) positive cases (21.7%) solely on positive PW results. Only 9 of 23 (39.1%) positive cases were positive in all three measures.
Taken together, these data demonstrate that all 23 positive cases were detected by PB and PW together with a sensitivity of 100% and specificity of 62%, indicating that additional DS are not of benefit and hence not useful.
DS and upstaging.
We evaluated whether patients were upstaged based on PW and particular on DS. In none of the cases an upstaging was indicated solely based on positive DS. One patient with left-sided ovarian cancer was upstaged from FIGO IA to IC owing of positive PW and possible intraoperative rupturing of the ovarian capsule.
Discussion
The present retrospective study addressed the question as to whether DS provide an additional benefit in detecting peritoneal disease that otherwise would be missed by the today routine measures (PB and PW/ascites) in abdominal staging. Our results show that i) no single case of peritoneal disease was identified solely based on positive DS results, i.e., all cases were detected by the combination of PB and PW/ascites with 100% sensitivity, and that ii) no case of upstaging was indicated on this basis. We may conclude that DS is not of any additional (to PB and PW) benefit in diagnosing peritoneal spread in gynecological cancers.
The first major finding of this study is that positive DS results did not reveal peritoneal diseases left undetected by PB and PW, meaning that these two measures together detected all positive cases of peritoneal disease and that hence additional DS were not of additional diagnostic value. This is largely consistent with an earlier study (14) that evaluated the utility of DS as a diagnostic measure and considered it limited: DS were occasionally of insufficient quality and of low specimen yield, and identified only few as positive cases. Unfortunately the study also did not report on direct comparison between DS and PW, leaving open whether the number of positive DS cases was perhaps underestimated. Owing the scarcity and the inconclusiveness of data, DS like PS are not commonly recommended and routinely performed in most institutions.
However, cytology via scrape or diaphragmatic wash or even blind biopsies (16) (17) (18) are recommended when macroscopic diaphragmatic disease is not obvious. Blind diaphragmatic biopsies or alternatively diaphragmatic scraping is suggested by NCCN Guidelines for surgical treatment of ovarian cancer (19) . Generally, diaphragmatic cytology is of considerable significance. On the one hand, the diaphragm is following the peritoneum and the colon the third most common localization of spread ovarian cancer in almost half (44%) of the patients (15) . The diaphragm is affected in 7% of the stage I ovarian cancer patients (1, 22) and in most cases (80%) not only the left but both hemidiaphragms were affected (23), possibly owing the clockwise transportation of peritoneal fluid. On the other hand, an ovarian cancer patient with positive PW is commonly upstaged from FIGO IA to IC, but will be upstaged according to the new 2013 FIGO classification to FIGO IIIA2 (presence of microscopic peritoneal metastasis beyond the pelvis) in case of a positive diaphragmatic result and given confirmed histological evidence. Interestingly, a considerable number of positive cases (up to about 20%) were missed when only either PB or PW/ascites was taken. Alike, the combination of either PB or PW/ascites with positive DS results only lowered but not reduced to zero the number of these missed cases, meaning that positive DS results can in particular circumstances, for instance when only either positive PB or PW/ascites results are available, be helpful in identifying additional positive findings.
The second major finding is that no case upstaged by positive DS results only, suggesting that positive diaphragmatic cytology and in particular DS are not significant and hence are not of benefit in this context. An earlier study, however, showed the utility of diaphragmatic cytology to detect occult metastasis, as 6.5% of stage I ovarian cancer patients were upstaged to IIIA based on positive diaphragmatic cytology (24) .
Upstaging as a result of presence of occult microscopic abdominal disease routinely detected either by biopsies from the omentum, diaphragm, and random sites in the peritoneum or in PW is common and according to International Guideline and has an impact on adjuvant treatment, chemotherapy type to be selected, and accuracy of risk profile and prognosis (3, 20, 21) . Complete and accurate surgical staging and adherence to the guideline has indeed been shown to improve survival outcome in early ovarian cancer (25) . On the other hand, incomplete and inaccurate staging, insufficient specimen quality, and guideline incompliance may limit the value of staging as diagnostic and prognostic measures (1, 20, 26) and may lead to inadequate treatment decisions despite accurate upstaging (27) .
The utility regarding the prognostic significance of PW in gynecological neoplasms is also controversial. PW cytology only poorly detected peritoneal implants and predicted clinical outcome analysis of ovarian serous tumors of low malignant potential in one study (28) but was considered as a useful procedure for staging malignant genital tract neoplasms in another (29) . A recent retrospective study evaluating the utility of cytology in tumor staging in ovarian and fallopian tube neoplasms (30) reported upstaging based on positive PW results in 20% of the patients. In our study, 5 (out of 23) positive cases were missed based on solely positive PW results. In contrast, positive PW results led to an upstaging in three cases (out of 18: 16.7%) but not to changes in postoperative treatment. This is consistent with two previous studies reporting 85% sensitivity and 95% specificity (31) and 87% sensitivity and 79% specificity (32) for the detection of malignant cells in the peritoneal cavity in In FIGO stage I and II ovarian cancer. One of these three patients had left-sided ovarian cancer and was upstaged from FIGO IA to IC, but it was unclear whether upstaging occurred as a consequence of intraoperative rupturing of the ovarian capsule.
Likewise, the value of PW cytology in endometrial cancer also remains ambiguous. Positive PW and poor survival were associated in a 1971 study (9) and positive PW cytology reported to be an independent risk factor for disease to spread to lymph nodes in endometrial cancer in a 2013 study (33) . Conversely, contradicting data and low positive cytology rates were reported in other studies (34) (35) (36) (37) (38) . This led in 2009 to the exclusion of PW-positivity as criterion in the FIGO classification system (39), although taking PW cytology still remains usual in the clinical practice. In our study, only 2 positive PW, 4 positive PB results, and no case of diaphragmatic involvement were found in endometrial cancer.
The occasionally insufficient quality of DS reported in other studies was, apart from one inconclusive result due to poor amount of specimen, not observed in our study. Likewise, PB and PW were qualitatively unproblematic and did not deliver inconclusive results, a fact owing to an experienced team including a gynecological oncological surgeon and trained pathologist.
In summary, DS is not of any additional benefit for detection of occult peritoneal disease in ovarian and endometrial cancers and hence is not recommended as a routine measure in clinical practice. 
